Background Progress in tuberculosis control in China has been the slowest in western areas, which have the highest prevalence. We assessed the prevalence of pulmonary tuberculosis in the Xinjiang province, China, 10 years after introduction of a control programme based on directly observed treatment, short course.
Introduction
Tuberculosis remains a major global health problem, responsible for ill health among millions of people each year, particularly in low-income and middle-income countries. Of the estimated 9·6 million people who developed tuberculosis globally in 2014, India accounted for 23% and China accounted for 10%.
1 During the past two decades, China has implemented a large-scale tuberculosis control programme to address its growing tuberculosis problem. This programme is based on directly observed treatment, short course (DOTS), and was implemented in 13 provinces of China in the 1990s and expanded nationwide after 2000. 2 Analysis of the 2010 national pulmonary tuberculosis prevalence survey in China indicated that scale-up of the DOTS strategy in China led to a decline in the prevalence of smear-positive pulmonary tuberculosis by 48% and bacteriologically confi rmed pulmonary tuberculosis by 65% between 1990 and 2010. 3 However, the smallest declines occurred in western provinces (Chongqing, Gansu, Guangxi, Guizhou, Neimeng, Ningxia, Qinghai, Shanxi, Sichuan, Tibet, Xinjiang, and Yunnan), where the pulmonary tuberculosis prevalence was the greatest. 4 The Xinjiang Uyghur Autonomous Region (Xinjiang) is located in northwestern China, with international borders with Russia, Mongolia, Kazakhstan, Kyrgyzstan, Tajikistan, Afghanistan, Pakistan, and India, with a population of 20 million people and 13 ethnic minorities. It is one of the provinces known to have a high burden of tuberculosis. A pulmonary tuberculosis survey done in Xinjiang in 2000 showed that the prevalence of smear-positive pulmonary tuberculosis among adults (aged ≥15 years) was 231 per 100 000 people and of bacterio logically confi rmed tuberculosis was 365 per 100 000 people. 5, 6 The DOTS strategy was introduced in some counties in Xinjiang in the 1990s and expanded to the whole region after 2000.
The eff ect that DOTS has had on the burden of pulmonary tuberculosis in Xinjiang was not clear from the 2010 national survey as only three of the survey clusters (roughly 1500 participants per cluster) were from Xinjiang, a sample size too small to produce precise estimates. Therefore, a population-based pulmonary tuberculosis prevalence survey with more extensive sampling was done by the Xinjiang Uyghur Autonomous Region Health Bureau (or Health and Family Planning Commission of Xinjiang Uyghur Autonomous Region after 2015) and Xinjiang Center for Disease Control and Prevention (CDC) to measure more precisely the burden of pulmonary tuberculosis in Xinjiang than the 2010 survey. Preliminary fi ndings were reported by Yang and colleagues. 6 In this report, we present a more detailed analysis than that of Yang and colleagues of the prevalence of smear-positive and bacteriologically confi rmed pulmonary tuberculosis and the demographic determinants of bacteriologically confi rmed pulmonary tuberculosis. We also report the patient diagnosis rate (PDR), an indicator of case detection performance of tuberculosis control programmes. 7, 8 
Methods

Study design
In this population-based, cross-sectional survey, we estimated the prevalence of smear-positive and bacteriologically confi rmed pulmonary tuberculosis in adults (aged ≥15 years) in Xinjiang using a multistage stratifi ed random cluster sample design. To confi rm local residency and to exclude the mobile population, we considered all adults who had been resident in their household for at least the last 6 months eligible for survey participation. We stratifi ed the province into urban (cities), semi-urban (towns), and rural areas (townships). We allocated six clusters to urban areas, seven to semi-urban areas, and nine to rural areas, which was proportional to the population of each stratum. 9 We defi ned a cluster as a community (defi ned by postal code) in a city, town, or village in a township. Within each stratum, we fi rst selected cities, towns, or townships with probability proportional to size. Within the selected cities or towns, we fi rst selected streets with probability proportional to size and then communities within streets with simple random sampling done with Stata 13.0, assuming that communities within the same street have similar population sizes. Within the selected townships, we selected villages with simple random sampling with Stata 13.0 on the basis of the same assumption above. This method gave an approximately self-weighting design. In each community or village, we visited all households. If the population of eligible individuals in a cluster was fewer than 1500 people, then we added part of the next adjoining village or community to reach the
Research in context
Evidence before this study We searched MEDLINE, E mbase, Google Scholar, and some key Chinese databases WanFang and ZhiWang for studies published from Jan 1, 1945, to Oct 20, 2015 , with the search terms "tuberculosis", "pulmonary tuberculosis", "infectious disease", "survey", "provincial survey", "prevalence", "China", and "Asia". We searched for studies published in Chinese in the Chinese databases and those published in English in the other databases. To maintain relevance to current eff orts in tuberculosis care and control and given that 1990 is the baseline year for 2015 global tuberculosis targets, we focused on national surveys done between 1990 and 2012 in Asia and provincial surveys done in China. Globally, 21 surveys were done in 12 countries, and published results were available for 18. Four countries (China, Cambodia, South Korea, and the Philippines) have repeated national surveys since 1990 and have shown declines in the prevalence of smear-positive and bacteriologically confi rmed pulmonary tuberculosis by 50% over 10 years. In China, the Ningxia, Gansu, Guangdong, Henan, Jiangsu, and Shandong provinces did separate provincial surveys after the fi fth China national pulmonary tuberculosis survey in 2010. The prevalence of bacteriologically confi rmed pulmonary tuberculosis among adults aged 15 years or older was similar in Ningxia, Gansu, Guangdong, Henan, and Jiangsu (range 63 per 100 000 people to 79 per 100 000 people) and lowest in Shandong (30 per 100 000 people). These provinces have also done repeated provincial surveys since the 1990s, and all reported that the prevalence of both smear-positive and bacteriologically confi rmed pulmonary tuberculosis has declined by more than 50% since the 1990s.
Added value of this study
This study provides new data on the burden of pulmonary tuberculosis in the Xinjiang province of western China. The results show that the prevalence of pulmonary tuberculosis is quite high in Xinjiang compared with other parts of China. Ethnic minorities, men, and those living in rural southern Xinjiang are at an increased risk. A small decline in smear-positive prevalence and a small increase in bacteriologically confi rmed prevalence after implementation of DOTS-based tuberculosis control programmes for 10 years indicates that progress in tuberculosis control in western China has been small.
Implications of all the available evidence
Although China has achieved a 50% reduction in pulmonary tuberculosis prevalence nationally since the 1990s, regional disparities are large, and the burden of tuberculosis in western China remains high. Low case detection rates with DOTS indicate that a substantial number of tuberculosis cases in western China are still undetected, meaning that DOTS might not be eff ectively implemented in western China where people, health infrastructure, and human resources in tuberculosis care are poor. target size. If the population of eligible individuals in a cluster was higher than the target size, then we included all those eligible. Participants were those who took part in at least one of the screening methods (symptom or radiograph screening). The Xinjiang Uyghur Autonomous Region Health Bureau and the Offi ce of the Fifth Provincial Pulmonary Tuberculosis Survey gave ethical approval for this survey.
Procedures
We formed ten survey teams, each of which was responsible for investigating two to three survey clusters. Each survey team consisted of three fi eldworkers, four physicians, two radiologists, three data managers, and two laboratory technicians. Before the survey, all survey team staff were trained in survey objectives, interview procedures, standard operation procedures for sputum collection and testing, and pulmonary tuberculosis diagnosis criteria. We obtained a list of all households from the local household registration offi ce, and then we carried out a population census of the survey cluster by visiting each household. We invited eligible individuals identifi ed during the census for pulmonary tuberculosis screening at the local clinics, which served as the central survey sites.
At the survey clinic, the aims of the survey and the procedures involved were explained and signed consent was sought. Those who consented were screened for pulmonary tuberculosis symptoms by a local medical offi cer using a short questionnaire and had a posteroanterior chest radiograph (unless they were pregnant or disabled). All chest radiographs were immediately read by a radiologist. We defi ned an abnormal chest radiograph as one showing any lung abnormality (ie, opacities, cavitations, fi brosis, pleural eff usion, calcifi cation, or any unexplained or suspicious shadow). We considered participants who reported cough or sputum production for at least the past 2 weeks (via the questionnaire), participants with haemoptysis (via the questionnaire), and participants who had an abnormal chest radiograph to have presumptive pulmonary tuberculosis. For quality assurance, all abnormal chest radiographs and a randomly selected 10% of chest radiographs reported as normal (random selection with Stata 13.0) were reread by a senior radiologist from Xinjiang Medical University First Affi liated Hospital (Ürümqi, Xinjiang, China) for a fi nal decision.
All participants with presumptive pulmonary tuberculosis were requested to submit three sputum specimens (on the spot, the same evening, and early in the morning on the following day). Clear instructions on how to produce a good sputum specimen were given to all participants with presumptive pulmonary tuberculosis by survey technicians before specimen collection. If a specimen was not satisfactory for laboratory investigation, the participant was asked to produce a repeat (evening or morning) specimen. Eligible individuals who were unable to visit the survey clinic (those who were disabled or pregnant) were visited by survey team staff in their homes, where they were interviewed with questions about pulmonary tuberculosis symptoms and requested to submit three sputum specimens, irrespective of the presence of pulmonary tuberculosis symptoms.
Sputum specimens were transported to laboratories closest to investigation sites with use of cold-chain logistics, and all three sputum specimens from each participant with presumptive pulmonary tuberculosis were tested for acid-fast bacilli (AFB) with Ziehl-Neelsen smear microscopy. Two sputum specimens from each participant with presumptive pulmonary tuberculosis were selected on the basis of degree of smear positivity or sputum quality and cultured with Löwenstein-Jensen medium. Smear examination and culturing were done within 5 days of sputum collection. Local laboratory technicians were experienced and well trained before the survey, and all were required to follow the same standard operation procedures described in the survey protocol. Additionally, the provincial reference laboratory closely monitored the quality of sputum culture. Cultures with growing colonies were sent to the provincial reference laboratory for identifi cation and drug susceptibility testing. Growth characteristics, morphological characteristics of the colony, and p-nitrobenzoic acid inhibition testing were used to diff erentiate a Mycobacterium tuberculosis complex from a non-tuberculosis mycobacterium. All AFB-positive and a randomly selected 10% of AFB-negative smears (random selection with Stata 13.0) were reread by the central review panel at the provincial reference laboratory.
We defi ned a participant with a smear-positive diagnosis as having at least two sputum smears positive for AFB (we defi ned AFB positive as at least one AFB in 100 fi elds), having one sputum smear positive for AFB and one sputum culture positive for M tuberculosis (defi ned as at least one colony of M tuberculosis complex isolated), or having one sputum smear positive for AFB and an abnormal chest radiograph. We defi ned a participant with a culture-positive diagnosis as having at least one sputum culture positive for M tuberculosis. A participant with a bacteriologically confi rmed case had a smear-positive or culture-positive diagnosis, or both. We defi ned a participant with a new diagnosis as one who had never been treated for pulmonary tuberculosis or who had taken antituberculosis drugs for less than a month. We defi ned a participant with a previously treated diagnosis as one who had taken antituberculosis drugs for more than a month at some time in the past.
Statistical analysis
We calculated the sample size to give a relative precision of 30% for the estimated smear-positive pulmonary tuberculosis prevalence, assuming a design eff ect of 1·4 and that 90% of the eligible population would participate and that the anticipated prevalence would be equal to 85% of that estimated in the 2000 Xinjiang survey. On the basis of these assumptions, 22 clusters of 1500 individuals-a total of 33 000-were required.
We recorded data using software (China national tuberculosis survey data recording software) designed by China CDC for the China national pulmonary tuberculosis survey in 2010 and for use in subsequent provincial pulmonary tuberculosis surveys. We analysed data with Stata version 13.0. The analysis of survey results followed the guidelines recommended in the WHO tuberculosis prevalence survey handbook, 10 which provides methods to be used for self-weighting surveys with a constant sample size per cluster. We did complete case analysis (method one) and individual-level analysis combining inverse probability weighting with multiple imputation of missing data (method two) to estimate the prevalence of smear-positive and bacteriologically confi rmed pulmonary tuberculosis with a logistic regression model. In method one, we estimated the crude prevalence of pulmonary tuberculosis, restricting analysis to survey participants with results and excluding those with presumptive pulmonary tuberculosis whose smear or culture results were missing. In method two, we estimated the weighted prevalence of pulmonary tuber culosis. We estimated 95% CIs with robust SEs for both methods. This analysis accounted for the cluster sample survey design and corrected for potential bias due to missing data. We did this correction using the svy, mim, and ice commands in Stata. Additionally, we estimated specifi c prevalence by survey strata, age group, sex, ethnic group, and geographical location using both methods. These two analysis methods are described elsewhere in detail. 11 We did multiple imputation of missing smear and culture results using regression models with the imputation-by-chained-equations procedure, which makes the assumption that the data were missing at random. 12 We included age 15-24 years, 25-34 years, 35-44 years, 45-54 years, 55-64 years, and 65-74 years; female sex; Uyghur ethnicity; Han ethnicity; urban (yes or no); semi-urban (yes or no); chest radiograph abnormality (yes or no); and presence of cough for at least the past 2 weeks (yes or no) in the imputation models. We did multiple imputation of missing data only for participants with presumptive pulmonary tuberculosis. Participation varied by age, sex, and cluster in this survey, therefore unweighted analysis could be biased. We used inverse probability weighting to correct for diff erentials in participation by age, sex, and cluster. Additionally, we did multivariate logistic regression analysis to assess demographic determinants of bacteriologically confi rmed pulmonary tuberculosis. We estimated crude and adjusted prevalence odds ratios with 95% CIs. As pulmonary tuberculosis prevalence is low, the prevalence odds ratio closely approximates the See Online for appendix prevalence ratio. As a comparison, we estimated the adjusted prevalence ratios using generalised linear modelling and proportional hazards regression (appendix). 13 We calculated the PDR as the number of newly reported cases (excluding treated patients) of smear-positive pulmonary tuberculosis per 100 000 people per year divided by the survey estimate of the prevalence of new cases of smear-positive pulmonary tuberculosis per 100 000 people. 7 We calculated a 95% CI for the PDR using an SE for the log PDR obtained by the δ method, giving confi dence limits of the PDR calculated as PDR/EF to PDR × EF, where c is the number of notifi ed new smear-positive pulmonary tuberculosis cases, p is the survey estimate of the smear-positive pulmonary tuberculosis prevalence, and se p is its SE. We compared the prevalence of smear-positive and bacteriologically confi rmed pulmonary tuberculosis in each age group in this survey (age and sex standardised to the total population of China in 2010) with that estimated in the 2010 national survey. We also compare the prevalence of smear-positive and bacteriologically confi rmed pulmonary tuberculosis in this survey with the ones from a provincial pulmonary survey done in Xinjiang in 2000.
Role of the funding source
The funder of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The Xinjiang CDC operates under the general guidance of the Xinjiang Uyghur Autonomous Region Health Bureau and was responsible for the survey design, fi eld investigation, and data collection. LY, XF, and HU had full access to all the data in the study and had fi nal responsibility for the decision to submit for publication. *Uses logistic regression with robust SEs, without missing value imputation or inverse probability weighting. †Uses logistic regression with robust SEs, combining missing value imputation and inverse probability weighting. Of the 1505 participants who had a sputum culture test done, M tuberculosis positivity was confi rmed by at least one sputum culture for 1346 (89·4%), both cultures were contaminated for 145 (9·6%), and non-tuberculosis mycobacterium was confi rmed by both culture results for 14 (0·9%; two [0·1%] smear positive and 12 [0·8%] smear negative). 1245 (78·4%) of the 1589 participants who had at least two sputum smears examined were smear negative and culture negative and 84 (5·3%) were smear negative and did not have culture testing done. The central review panel identifi ed 101 (6·4%) bacteriologically confi rmed cases of the 1589 participants who had at least two sputum smears examined. Of them, 50 (49·5%) were smearpositive cases and 94 (93·1%) were culture-positive cases. Of 50 smear-positive cases, 43 (86·0%) were culture positive and seven (14·0%) were culture negative. Of 94 culture-positive cases, 51 (54·3%) were smear negative.
Of 50 participants with smear-positive results, 28 (56·0%) reported cough or sputum production for at least the past 2 weeks or haemoptysis, and 47 (94·0%) had abnormal chest radiographs. Of 101 bacteriologically confi rmed cases, 52 (51·5%) reported cough or sputum production for at least the past 2 weeks or haemoptysis and 90 (89·1%) had abnormal chest radiographs. Of 101 bacteriologically confi rmed cases, 24 (23·8%) had been previously diagnosed and notifi ed to the Chinese tuberculosis surveillance system before the survey. Among 24 participants with a previous diagnosis, 18 (75·0%) were being treated at the time of screening, four (16·7%) had a history of receiving incomplete treatment before the survey, and two (8·3%) were previously diagnosed but had never received treatment.
Estimates of the prevalence of smear-positive and bacteriologically confi rmed pulmonary tuberculosis are shown in table 1 and table 2 . The crude prevalence of smear-positive pulmonary tuberculosis was 168 (95% CI 114-222) per 100 000 people and of bacteriologically confi rmed pulmonary tuberculosis was 342 (206-477) per 100 000 people. Geographically, the crude prevalence was highest in the southwestern prefectures of the province (fi gure 3). The weighted prevalence of smear-positive pulmonary tuberculosis was 170 (103-233) per 100 000 people and of bacteriologically confi rmed tuberculosis was 430 (249-611) per 100 000 people (table 1,  table 2 ). The design eff ect was 1·79 for smear-positive pulmonary tuberculosis and 3·50 for bacteriologically confi rmed pulmonary tuberculosis. The coeffi cient of between-cluster variation (k) was 0·59 for smear-positive pulmonary tuberculosis and 0·65 for bacteriologically confi rmed pulmonary tuberculosis.
The weighted prevalence of smear-positive and bacteriologically confi rmed pulmonary tuberculosis was higher in young adults aged 25-34 years and in those aged older than 54 years (table 1, table 2 ). In each age group, the prevalence was higher in men than in women and was higher in this 2010-11 Xinjiang survey than in the 2010 national survey (fi gure 4, fi gure 5). Additionally, the weighted prevalence of bacteriologically confi rmed pulmonary tuberculosis was substantially higher in semi-urban and rural areas, the Uyghur ethnic group, and the southern region (table 2) by 26·4%, whereas the prevalence of bacteriologically confi rmed pulmonary tuberculosis has increased by 17·8%. The overall PDR in 2011 was only slightly higher than that in 2000. The PDR in 2011 was substantially lower in men, young adults aged 25-34 years, and among the Uyghur ethnic group (table 4) . It was also lower in semi-urban and rural areas than in urban areas and in the southern region than in other regions.
Discussion
Findings from this survey show that the prevalence of pulmonary tuberculosis in the Xinjiang province remained high even after DOTS-based tuberculosis control programmes had been in place for longer than 10 years. Although the prevalence of smear-positive pulmonary tuberculosis seems to have decreased in Xinjiang since the 2000 survey, the decrease is less than half of that observed in the same period nationally (26% vs 57%). 3 The increase in the prevalence of bacteriologically confi rmed pulmonary tuberculosis could refl ect a real increase, but could also be due to underestimation of the prevalence in the 2000 survey. In the 2000 survey, the criteria used for symptom screening were cough or sputum production for at least the past 3 weeks, and fl uoroscopy was used for chest radiograph screening, 6,14 both of which are less sensitive for identifi cation of presumptive pulmonary tuberculosis than are the methods used in this survey. Nonetheless, the results of our survey suggest that progress in tuberculosis control has been slow in western China and the burden of tuberculosis remains extremely high.
Despite the fact that prevalence has declined by more than half in the past two decades in China overall, regional disparities are large. Findings from the 2010 China national survey indicated that the prevalence of bacteriologically confi rmed pulmonary tuberculosis among adults in the western region of China was 1·7 times higher than that in the central region and 3·2 times higher than that in the eastern region. 15 And within western China, the prevalence among adults in Xinjiang in 2010-11 from our survey was higher than the average prevalence in the western region estimated in the 2010 national survey. Furthermore, fi ndings from our survey show a regional disparity in prevalence within the province. The prevalence of bacteriologically confi rmed pulmonary tuberculosis was higher in the southern region of Xinjiang than in the northern and eastern regions and was higher in semi-urban and rural areas than in urban areas. These disparities refl ect the levels of economic development. Regions with slow economic development tend to have few fi nancial resources, few qualifi ed health-care workers, and weak public health infrastructure, which are known to be associated with high tuberculosis burden. 16, 17 Additionally, poverty, a well known risk factor for tuberculosis, is more widespread in the under developed, western region of China and the southern region of Xinjiang than in other areas. 18 National tuberculosis control programmes should focus on addressing the regional disparities, which exist both within and across the provinces, in the future.
With adjustment for survey strata, age, and ethnicity, men were still 1·31 times more likely to have bacteriologically confi rmed pulmonary tuberculosis than were women in Xinjiang. Sex disparities in tuberculosis prevalence have been observed in many countries. 19 The eff ect of smoking, inequalities in socioeconomic status, diff erences in access to health care, and hormone-related diff erences in immunity between sexes have been reported in previous studies [20] [21] [22] as possible causes for the sex gap in tuberculosis prevalence. Additionally, we found that the PDR was substantially lower in men than in women, suggesting a low case detection rate or poor access to care among men compared with women. Prevalence increased with age in both women and men. However, a particularly high prevalence of bacteriologically confi rmed pulmonary tuberculosis was observed in the 25-34 years and 65-74 years age groups. This pattern is diff erent from that seen in the 2010 national survey (fi gure 4, 5). A high prevalence in young adults might be due to a low case detection rate because the estimated PDR was lowest in those aged 25-34 years. HIV infection might be another potential cause of high pulmonary tuberculosis prevalence among young adults. HIV positivity was not tested in this survey; however, fi ndings from a study in Xinjiang 23 revealed that HIV infection among 1501 patients with newly diagnosed tuberculosis was 14% and that most patients co-infected with HIV and tuberculosis were aged 25-34 years. Additionally, the HIV notifi cation rate in Xinjiang in 2011 was substantially higher in this age group (appendix). These results suggest that HIV screening should be enhanced among patients with newly diagnosed tuberculosis, particularly in young adults. A high prevalence of pulmonary tuberculosis in elderly people might be due to age-related immune dysfunction 24 and other chronic comorbidities, such as diabetes. [25] [26] [27] However, some other biological and socioeconomic factors might also explain the age variation. Additional qualitative studies are needed to understand the barriers to pulmonary tuberculosis screening and care in these high-risk populations.
We observed marked ethnic diff erences in prevalence in this survey. Prevalence among the Han ethnic group in Xinjiang was similar to that in the general population in the more developed eastern region of China. 3 However, individuals of the Uyghur ethnic group were 6·28 times more likely to have bacteriologically confi rmed pulmonary tuberculosis than were the Han ethnic group, and other ethnic groups (including Kyrkiz, Kazakh, and Hui) were 4·34 times more likely. Ethnic disparities in prevalence have also been observed in other countries. 28, 29 Low socioeconomic status, high HIV infection, poverty, and delayed diagnosis and treatment are potential reasons for the high prevalence among minority groups in Xinjiang. [30] [31] [32] However, we were unable to identify the underlying causes of ethnic disparity because relevant data were not collected. Study of the social, cultural, and biological determinants of tuberculosis infection in Xinjiang is an area for future research. Although the PDR is not the same as the true case detection rate (as the true incidence of pulmonary tuberculosis is not known), a comparison of the PDR between populations or subpopulations can provide information about the relative completeness of case detection. The estimated overall PDR in Xinjiang was less than half of the national estimate in 2010 (0·34 vs 0·75) 33 and it increased only slightly since 2000, suggesting that a large number of tuberculosis cases remain undetected with the current DOTS-based passive case-fi nding strategy. Improved control strategies that enable early diagnosis and treatment, such as widening of the current screening criteria and use of new and rapid diagnostic tools, along with raised awareness of the magnitude and characteristics of tuberculosis cases in the community by health-care providers, are required. Young adults aged 25-34 years, men, and the Uyghur ethnic group should be prioritised for active case fi nding in future tuberculosis control programmes in Xinjiang.
After implementation of DOTS-based tuberculosis control programmes in the past 20 years, China achieved the 2015 Millennium Development Goal of a 50% reduction in tuberculosis prevalence. 34 However, regional disparities in tuberculosis burden in China should be addressed, particularly the high burden in poor western areas, to achieve the post-2015 global targets for tuberculosis control. Current fi nancial and human resources in tuberculosis care in western China are inadequate. Sustained and adequate funding is needed to improve the availability, distribution, and motivation of competent tuberculosis health-care providers and strengthen the capacity of the laboratory network in the rural western region. Additional eff orts are needed to identify and address the physical, social, and cultural barriers to early tuberculosis diagnosis and treatment in multiethnic western China. Considering the widespread poverty in western China, an urgent need exists for policies that reduce out-of-pocket payments from patients with tuberculosis directly or indirectly related to tuberculosis care that are not included in the so-called free tuberculosis care policy in current Chinese tuberculosis control programmes.
The fi ndings in this survey are subject to several limitations. First, the eligible population did not include adults who were living in the survey cluster area for less than 6 months. Additionally, those registered residents in the survey cluster who moved out of the survey site more than 3 months before the survey were excluded. This mobile population, which tends to be young and predominantly male, might be expected to have a high risk of pulmonary tuberculosis on the basis of our fi ndings. As such, our survey could underestimate pulmonary tuberculosis prevalence. Second, the symptom screening criteria that we used in this survey did not include other symptoms such as fever, night sweats, chest pain, and weight loss. Van't Hoog and colleagues 35 reported that use of any tuberculosis symptoms as the symptom screening criteria in a tuberculosis survey yielded higher sensitivity (90%) than that with use of cough for at least the past 2 weeks or haemoptysis (52%). Therefore, we might have missed some presumptive pulmonary tuberculosis cases and underestimated the prevalence in our survey. However, we used a screening strategy combining pulmonary tuberculosis symptoms and chest radiographs in our survey, which have a higher sensitivity than with symptom screening alone. This screening strategy was designed considering both the survey budget and workload of local laboratories and was used in the 2010 national survey and national tuberculosis control programmes of China. 36 Furthermore, the possibility of overdecontamination and degradation of sputum specimens during transportation might have caused an underestimation of the true number of culture-positive pulmonary tuberculosis cases.
Third, the estimate of smear-positive pulmonary tuberculosis prevalence was similar in the incomplete case analysis (method 1) and the individual analysis incorporating inverse probability weighting and multiple imputation of missing data (method 2). However, the diff erence in bacteriologically confi rmed pulmonary tuberculosis prevalence between these two analyses was large, which could be due to a higher proportion of missing data for culture results than for smear results. Nonetheless, the analysis incorporating inverse probability weighting and multiple imputation might be the safest approach to correct the bias introduced by missing data and provides the best estimate of tuberculosis prevalence at the population level. 37, 38 Finally, if people with tuberculosis cases had been tested for HIV, the role of HIV in the tuberculosis epidemic could have been better explained than was possible with this study. Further investigations are needed to guide public health strategies to reduce tuberculosis burden in this region.
We found a very high burden of pulmonary tuberculosis among adults in Xinjiang after implementation of the DOTS strategy for longer than 10 years. The very low PDR indicates a low case detection rate, limiting the eff ectiveness of the DOTS strategy. Large disparities exist between sex, age groups, geographical regions, and ethnic groups. Studies are urgently needed to understand the barriers to access to tuberculosis screening in this population to guide tuberculosis case-fi nding strategies targeting young men, the Uyghur ethnic group, and residents in semi-urban and rural areas. The tuberculosis epidemic in western China is a public health emergency that needs to be urgently addressed.
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